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Introduction
7KH (QWRPRSR[YLULQDH 6XEIDPLO\ )DPLO\
3R[YLULGDH LV FRPSULVHG RI WKUHH JHQHUD EDVHG RQ
PRUSKRORJ\ KRVW UDQJH DQG JHQRPH VL]H RI
YLUXVHV LQIHFWLQJ &ROHRSWHUD *HQXV $ RU
$OSKDHQWRPRSR[YLUXV /HSLGRSWHUD *HQXV % RU
%HWDHQWRPRSR[YLUXV DQG 'LSWHUD *HQXV & RU
*DPPDHQWRPRSR[YLUXV 7KH
2UWKRSWHUDLQIHFWLQJ M. sanguinipes
HQWRPRSR[YLUXV LV FXUUHQWO\ D WHPSRUDU\ VSHFLHV
ZLWKLQ WKH %HWDHQWRPRSR[YLUXV ,&79G% 
$OWKRXJK HQWRPRSR[YLUXVHV KDYH EHHQ LVRODWHG
IURP WKH +\PHQRSWHUD WKH\ KDYH \HW WR EH
DVVLJQHGDJHQXV.LQJHWDO
(YLGHQFH IRU D GLVWDQW UHODWLRQVKLS EHWZHHQ
FKRUGRSR[YLUXVHV DQG HQWRPRSR[YLUXVHV ZDV
LQLWLDOO\ EDVHG RQ '1$ VHTXHQFH FRPSDULVRQV RI
JHQHV HQFRGLQJ WK\PLGLQH NLQDVH *UXLGO HW DO
 '1$ SRO\PHUDVH 0XVWDID DQG <XHQ 
DQG QXFOHRVLGH WULSKRVSKDWH SKRVSKRK\GURODVH ,
+DOO DQG 0R\HU  <XHQ HW DO  7KH
ULIDPSLFLQ UHVLVWDQFH JHQH rif >DQG WKH SXWDWLYH
SURWHLQ 5,) LW HQFRGHV@ IRXQG LQ
FKRUGRSR[YLUXVHV VXFK DV YDFFLQLD 1LOHV HW DO
 YDULROD 6KFKHONXQRY HW DO  DQG
VZLQHSR[ 0DVVXQJ HW DO  DOVR RFFXUV LQ
VHYHUDO HQWRPRSR[YLUXVHV :LQWHU HW DO 
2VERUQH HW DO  $IRQVR HW DO  %DZGHQ HW
DO  7KH rif JHQH ZDV FRQVLGHUHG WR EH
KLJKO\ FRQVHUYHG ZLWKLQ DQG FKDUDFWHULVWLF RI WKH
3R[YLULGDH DQG WKXV D XQLTXH PRQRSK\OHFWLF
RULJLQ ZDV VXJJHVWHG 2VERUQH HW DO 
+RZHYHU 5,)OLNH VHTXHQFHV DQG FHUWDLQ RWKHU
SURWHLQV DVVXPHG WR EH XQLTXH WR SR[YLUXVHV
RFFXU LQ VRPH ODUJH GRXEOH VWUDQGHG HXNDU\RWLF
'1$ QRQSR[YLUXV IDPLOLHV VXJJHVWLQJ WKDW
SR[YLUXVHV DQG WKHVH GRXEOH VWUDQGHG '1$
YLUXVHV VKDUH WKH VDPH DQFHVWU\ ,\HU HW DO 
DQG SUREDEO\ WKDW 5,) LV QRW FKDUDFWHULVWLF RI WKH
3R[YLULGDHDORQH
,Q YDFFLQLD WKH 5,) SURWHLQ '/ 0RVV 
 ORFDOL]HV SUHGRPLQDQWO\ RQ WKH FRQFDYH
VXUIDFH RI WKH PHPEUDQH FLVWHUQDH RI YLUDO
FUHVFHQWV DQG LV SUHVXPHG WR EH HVVHQWLDO DV D
VFDIIROG IRU WKH IRUPDWLRQ RI WKH *ROJLGHULYHG
PHPEUDQHV FKDUDFWHULVWLF RI WKH HDUO\ VWDJHV RI
YLULRQ DVVHPEO\ 6RGLHN HW DO 
0RUSKRORJLFDOO\ VLPLODU VWUXFWXUHV DUH KLJKO\
FRQVHUYHG ZLWKLQ WKH 3R[YLULGDH 1LOH HW DO 
6KFKHONXQRY  0DVVXQJ HW DO  :LQWHU HW
DO  0RVV   .LQJ HW DO  DQG
OLNHO\VHUYHDVLPLODUIXQFWLRQ
:H UHSRUW KHUH WKH VHTXHQFLQJ DQG FRPSDUDWLYH
DQDO\VLV RI D FRPSOHWH RSHQ UHDGLQJ IUDPH ZLWKLQ
D SDUWLDOO\ VHTXHQFHG FORQH GHVLJQDWHG 5,
GHULYHG IURP DQ Eco5, OLEUDU\ RI WKH
Diachasmimorpha longicaudata HQWRPRSR[YLUXV
'O(39 '1$ 'O(39 ZDV ILUVW GHVFULEHG IURP WKH
SDUDVLWLF ZDVS D. longicaudata   Biosteres  
Opius longicaudatus +\PHQRSWHUD
%UDFRQLGDH DQG ZDV VKRZQ WR EH WUDQVPLWWHG WR
WKH ODUYDH KRVWV RI WKH &DULEEHDQ IUXLW IO\
Anastrepha suspensa /RHZ 'LSWHUD
7HSKULWLGDH GXULQJ RYLSRVLWLRQ E\ WKH ZDVS
/DZUHQFH DQG $NLQ  'O(39 LQYDGHV WKH
KRVW¶V KHPRF\WHV ZKHUH LW UHSOLFDWHV DQG H[KLELWV
WKH LPPDWXUH YLUXV LQWUDFHOOXODU PDWXUH YLUXV
FHOODVVRFLDWHG YLUXV DQG H[WUDFHOOXODU HQYHORSHG
YLUXV IRUPV /DZUHQFH   NQRZQ WR
RFFXU LQ PHPEHUV RI WKH 3R[YLULGDH 0RVV 
'O(39 LQKLELWV HQFDSVXODWLRQ E\ WKH KRVW¶V
KHPRF\WHV WKHUHE\ SURWHFWLQJ WKH ZDVS
V HJJV
DQG DV VXFK LV WKH ILUVW V\PELRWLF HQWRPRSR[YLUXV
GHVFULEHG WR GDWH /DZUHQFH  :H VKRZ WKDW
WKH 'O(39 '/ KRPRORJ LV PRUH FORVHO\ UHODWHG
WR HQWRPRSR[YLUXVHV DQG FKRUGRSR[YLUXVHV WKDQ
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)HZ YLUXVHV RU YLUXVOLNH SDUWLFOHV WKDW DUH
V\PELRQWV RI SDUDVLWLF ZDVSV WKDW DWWDFN GLSWHUDQ
KRVWV KDYH EHHQ UHSRUWHG 7KH ILUVW YLUXVOLNH
SDUWLFOHV IURP WKH Leptopilina SDUDVLWLF ZDVS ZHUH
UHSRUWHG IURP SDUDVLWL]HG Drosophila
melanogaster ODUYDH DQG OLNH 'O(39 ZHUH IRXQG
WR GLVUXSW WKH FHOOXODU HQFDSVXODWLRQ DELOLW\ RI WKH
KRVW 5L]NL DQG 5L]NL  +RZHYHU QHLWKHU WKH
QXFOHLF DFLG FRPSRVLWLRQ QRU IDPLO\ RI WKHVH
YLUXVOLNH SDUWLFOHV KDV EHHQ LGHQWLILHG 5L]NL DQG
5L]NL  $ UKDEGRYLUXV LV DOVR LQMHFWHG LQWR A.
suspensa ODUYDH E\ WKH D. longicaudata IHPDOH
/DZUHQFH DQG 0DWRV  EXW LWV JHQHV KDYH
DOVR QRW EHHQ VHTXHQFHG 7KHUHIRUH 'O(39 LV WKH
ILUVW GLSWHUDQLQIHFWLQJ YLUDO V\PELRQW RI D
SDUDVLWLF ZDVS IRU ZKLFK DQ\ JHQH VHTXHQFH LV
NQRZQ
Materials and Methods
Construction of the DlEPV EcoRI library
'HWDLOV RI WKH Eco5, 'O(39 '1$ OLEUDU\
FRQVWUXFWLRQ DQG VHTXHQFLQJ RI FORQHG IUDJPHQWV
KDYH EHHQ GHVFULEHG /DZUHQFH  %ULHIO\
'O(39 '1$ ZDV H[WUDFWHG IURP YLULRQV WKDW ZHUH
KDUYHVWHG IURP IHPDOH ZDVS YHQRP JODQGV DQG
SXULILHG E\ VXFURVH GHQVLW\ JUDGLHQW
FHQWULIXJDWLRQ /DZUHQFH  8SRQ GLJHVWLRQ
ZLWK Eco5, 5RFKH 0ROHFXODU %LRFKHPLFDOV
ZZZURFKHFRP WKH UHVXOWLQJ 'O(39 '1$
IUDJPHQWV ZHUH FORQHG LQWR WKH S%OXHVFULSW ,,
.6 ï FORQLQJ YHFWRU S%6 6WUDWDJHQH
ZZZVWUDWDJHQHFRP  XVLQJ 7 '1$ OLJDVH
5RFKH DQG WKH PDQXIDFWXUHU¶V DQG VWDQGDUG
6DPEURRN HW DO  SURWRFROV 7KH FORQHV ZHUH
XVHG WR WUDQVIHFW VXSHUFRPSHWHQW '+Ơ
Escherichia coli FHOOV *LEFR%5/
ZZZOLIHWHFKFRPZZZLQYLWURJHQFRP
DPSOLILHG DQG VHOHFWHG RQ DPSLFLOOLQ  ;JDO
*LEFR %5/ DJDU SODWHV DW  & IRU  K DV
SUHYLRXVO\ GHVFULEHG /DZUHQFH 
5HFRPELQDQW SODVPLGV ZHUH LVRODWHG IURP
EDFWHULDO FHOOV E\ DONDOLQH O\VLV 6DPEURRN HW DO
 DQG WKH SUHVHQFH RI WKH 'O(39 '1$ LQVHUWV
YHULILHG E\ Eco5, GLJHVWLRQ DQG VXEVHTXHQW
HOHFWURSKRUHVLV /DZUHQFH  7KH FORQHV 5,
ZHUH DUELWUDULO\ QXPEHUHG DQG WKH 5, FORQH ZDV
VHOHFWHGIRUIXUWKHUDQDO\VLV
DNA labeling, hybridization, and detection
7R YHULI\ WKH ILGHOLW\ RI WKH 5, '1$ LQVHUW WR WKH
'O(39 JHQRPH D  ƫJ VDPSOH RI WKH LVRODWHG
LQVHUW ZDV ODEHOHG ZLWK GLJR[LJHQLQ ',* E\
UDQGRP SULPLQJ XVLQJ WKH ',*+LJK 3ULPH
ODEHOLQJ SURWRFROV 5RFKH 'O(39 JHQRPLF '1$
ZDV GLJHVWHG ZLWK Eco5, HinG,,, DQG Bam+,
5RFKH DQG WKH UHVXOWLQJ IUDJPHQWV
HOHFWURSKRUHVHG LQWR D  DJDURVH JHO DW  9
IRU  K DQG WUDQVIHUUHG WR QLWURFHOOXORVH
PHPEUDQH E\ WKH FDSLOODU\ PHWKRG 7KH '1$ ZDV
WKHQ IL[HG WR WKH PHPEUDQH E\ 89 FURVVOLQNLQJ
DW  P-RXOHV 7KH EORW ZDV SUREHG ZLWK  QJ RI
WKH ',*5, LQVHUW GLOXWHG LQ  ƫO K\EULGL]DWLRQ
EXIIHU >[ 66&  P0 1D&O  P0 VRGLXP
FLWUDWH VROXWLRQ S+   ZY
1ODXUR\OVDUFRVLQH  ZY 6'6  EORFNLQJ
UHDJHQW 5RFKH@ DW & IRU  K +\EULGL]DWLRQ
ZDV IROORZHG E\ WZR  PLQ ZDVKHV DW 57 ZLWK [
ZDVKLQJ EXIIHU [ 66&  6'6 DQG WZR 
PLQ ZDVKHV ZLWK [ ZDVKLQJ EXIIHU 7KH
K\EULGL]DWLRQ VLJQDO ZDV YLVXDOL]HG XVLQJ WKH ',*
FKHPLOXPLQHVFHQW GHWHFWLRQ SURWRFRO DQG
H[SRVXUHWR/XPL)LOP5RFKH
Sequencing of the open reading frame
within the DlEPV RI-1 clone
)RUZDUG DQG UHYHUVH VHTXHQFLQJ RI WKH RSHQ
UHDGLQJ IUDPH ZLWKLQ WKH 5, FORQH ZHUH
DFFRPSOLVKHG E\ SULPHU ZDONLQJ ZLWK
IOXRUHVFHQFHODEHOHG GLGHR[\QXFOHRWLGHV DQG Taq
'\H'HR[\ WHUPLQDWRU F\FOH VHTXHQFLQJ SURWRFROV
$SSOLHG %LRV\VWHPV 3HUNLQ(OPHU &RUS
KRPHDSSOLHGELRV\VWHPVFRP DQG WKH H[WHQVLRQ
SURGXFWV DQDO\]HG ZLWK D PRGHO $ '1$
VHTXHQFHU $SSOLHG %LRV\VWHPV DV SUHYLRXVO\
GHVFULEHG /DZUHQFH  6HTXHQFHV ZHUH
DVVHPEOHG DQG IXUWKHU DQDO\]HG ZLWK WKH
6HTXHQFKHU  VRIWZDUH *HQH &RGHV &RUS
ZZZJHQHFRGHVFRP
Sequence analysis of the R1-1 open reading
frame
7KH DPLQR DFLGV GHGXFHG IURP WKH SDUWLDO
VHTXHQFH RI 5, E\ WKH 6HTXHQFKHU SURJUDP ZHUH
FRPSDUHG ZLWK KRPRORJV LQ WKH *HQ%DQN 3,5
DQG 6:,663527 GDWDEDVHV XVLQJ WKH %DVLF /RFDO
$OLJQPHQW 6HDUFK 7RRO %/$67 $OWVFKXO HW DO
 $ PXOWLSOH VHTXHQFH DOLJQPHQW RI WKH 5,
RSHQ UHDGLQJ IUDPH SURWHLQ DQG LWV KRPRORJV ZDV
SHUIRUPHG XVLQJ WKH &/867$/:  SURJUDP
7KRPSVRQ HW DO  ZLWK JDS LQLWLDWLRQ DQG
H[WHQVLRQ SHQDOWLHV RI  DQG  UHVSHFWLYHO\
$OLJQHG VHTXHQFHV ZHUH LPSRUWHG LQWR WKH
3K\ORJHQHWLF $QDO\VLV 8VLQJ 3DUVLPRQ\
3$83
 SURJUDP 6ZRIIRUG  WR JHQHUDWH D
SK\ORJHQHWLF WUHH XVLQJ WKH QHLJKERXU MRLQLQJ
PHWKRG DQG  ERRWVWUDS WULDOV WR DVVHVV WUHH
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UHOLDELOLW\ 3DLUZLVH FRPSDULVRQV RI WKH 'O(39
5, RSHQ UHDGLQJ IUDPH QXFOHRWLGHV DQG GHGXFHG
DPLQR DFLGV ZLWK WKRVH RI KRPRORJV LGHQWLILHG E\
%/$67 ZHUH H[SUHVVHG DV SHUFHQW QXFOHRWLGH
LGHQWLWLHV DPLQR DFLG LGHQWLWLHV RU DPLQR DFLG
VLPLODULWLHV >LGHQWLWLHV  KRPRORJRXV
FRQVHUYDWLYH sensu0RXQWVXEVWLWXWLRQV@
5LIDPSLFLQOLNH SURWHLQV RFFXU LQ RWKHU ODUJH '1$
QRQSR[YLUXV IDPLOLHV LQFOXGLQJ WKH
LQVHFWLQIHFWLQJ ,ULGRYLULGDH DQG $VFRYLULGDH ,\HU
HW DO  6WDVLDN HW DO  6WDVLDN HW DO 
7KXV SDLUZLVH DPLQR DFLG FRPSDULVRQV VHSDUDWH
IURP WKRVH PDGH ZLWK WKH SR[YLUXVHV ZHUH
SHUIRUPHG EHWZHHQ WKH 5,) VHTXHQFH RI 'O(39
RUWKRORJVKRPRORJV IURP WKH LQVHFW LULGRYLUXV
,,9 WKH Diadromus pulchellus DVFRYLUXV D
'S$9D IURP D SDUDVLWLF ZDVS RI WKH VDPH
QDPHDQGRWKHUQRQSR['1$YLUXVHV
Results
Purification, sequencing and analysis of
the RI-1 insert
7KH VL]H RI WKH 5, LQVHUW ZDV YHULILHG WR EH a 
NE )LJXUH  +\EULGL]DWLRQ RI WKH ',*SUREH WR
WKH LQVHUW DQG WKH UHVWULFWHG 'O(39 JHQRPLF '1$
LQ WKH 6RXWKHUQ EORW YHULILHG WKHLU ILGHOLW\ WR WKH
'O(39 JHQRPH )LJXUH  7KH VLQJOH K\EULGL]HG
IUDJPHQW ZLWK WKH VDPH VL]H DV WKH SRVLWLYH
FRQWURO a REWDLQHG ZLWK WKH Eco5 GLJHVWHG
JHQRPLF '1$ FRQILUPHG WKH DEVHQFH RI DQ Eco5
UHVWULFWLRQ VLWH ZLWKLQ WKH IUDJPHQW )LJXUH 
7KH IRXU EDQGV GHWHFWHG LQ EORWV RI WKH HinG,,,
GLJHVW )LJXUH  ZHUH DOVR FRQVLVWHQW ZLWK WKH
SUHVHQFH RI WKUHH HinG,,, VLWHV ZLWKLQ WKH
VHTXHQFH )LJXUH  $OWKRXJK QR Bam+, VLWHV
WKHUHIRUH RQH EDQG ZHUH SUHGLFWHG WZR EDQGV
ZHUH REVHUYHG )LJXUH  VXJJHVWLQJ WKH SUHVHQFH
RI D VHFRQG VLWH LQ WKH XQVHTXHQFHG SRUWLRQ RI WKH
FORQH 6HTXHQFKHU DOVR SUHGLFWHG Xba, Dra,,
Spe, DQG Bsp UHVWULFWLRQ VLWHV ZLWKLQ WKH 5,
IUDJPHQW )LJXUH  EXW WKHVH HQ]\PHV ZHUH QRW
HYDOXDWHG
Figure 2. $XWRUDGLRJUDSK RI 6RXWKHUQ K\EULGL]DWLRQ RI
GLJHVWHG 'O(39 JHQRPLF '1$ ZLWK D  NE VSHFLILF SUREH
JHQHUDWHG IURP WKH 'O(39 5 LQVHUW /DQHV ± HPSW\
/DQH   ƫO RI WKH 'O(39 5 XQGLJHVWHG  NE LQVHUW
SRVLWLYH FRQWURO /DQH   ƫO VDOPRQ VSHUP '1$
QHJDWLYH FRQWURO /DQH   ƫO Eco5, GLJHVWHG 'O(39
JHQRPLF '1$ /DQH   ƫO Hind,,, GLJHVWHG 'O(39
JHQRPLF '1$ /DQH   ƫO Bam+, GLJHVWHG 'O(39
JHQRPLF'1$
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GHWHUPLQHG E\ 6HTXHQFKHU WR FRQWDLQ RQH
FRPSOHWH RSHQ UHDGLQJ IUDPH RI  EDVHV
HQFRGLQJ D SXWDWLYH SURWHLQ RI  DPLQR DFLGV
DQG DQ DSSDUHQW SDUWLDO RSHQ UHDGLQJ IUDPH 7KH
rif RSHQ UHDGLQJ IUDPH KDG  EDVHV ¶ DQG 
EDVHV ¶ LPPHGLDWHO\ IODQNLQJ LWV WUDQVODWLRQDO
VWDUW DQG VWRS FRGRQV UHVSHFWLYHO\ )LJXUH 
7KXV WKH VHTXHQFHG SRUWLRQ RI 5 FRPSULVHG
 NE *HQH%DQN DFFHVVLRQ  () RI WKH
a NE 5 LQVHUW 7KH DQDO\VHV EHORZ ZLOO IRFXV
RQO\ RQ WKH FRPSOHWH RSHQ UHDGLQJ IUDPH DQG
VHTXHQFHVLPPHGLDWHO\IODQNLQJLW)LJXUH
7KH WUDQVODWLRQ LQLWLDWLRQ FRGRQ $7* RI WKH
RSHQ UHDGLQJ IUDPH VWDUWV DW  QXFOHRWLGHV IURP
WKH ¶ HQG RI WKH IUDJPHQW DQG WKH WUDQVODWLRQDO
VWRS FRGRQ 7$$ VWDUWV DW  QXFOHRWLGHV
)LJXUH  ,PPHGLDWHO\ SUHFHGLQJ WKH
WUDQVODWLRQDO LQLWLDWLRQ FRGRQ LV D KLJKO\ $7 ULFK
  QXFOHRWLGH VHTXHQFH 7KUHH RI WKHVH
EDVHV LPPHGLDWHO\ SUHFHGLQJ WKH $7* DQG LQ
FRPELQDWLRQ ZLWK LW IRUP WKH FRQVHQVXV SR[YLUXV
ODWH WUDQVFULSWLRQDO VWDUW VLJQDO 7$$$7* 5RVHO
HW DO  0RVV   )LJXUH  3RWHQWLDO
SR[YLUXV HDUO\ WUDQVFULSWLRQ WHUPLQDWLRQ VLJQDOV
77777Q7 RFFXU DW  DQG  QXFOHRWLGHV
XSVWUHDP RI WKH ODWH WUDQVODWLRQDO VWDUW FRGRQ DQG
 QXFOHRWLGHV GRZQVWUHDP RI WKH WUDQVODWLRQDO
VWRSFRGRQRIWKHRSHQUHDGLQJIUDPH)LJXUH
$OLJQPHQW RI DOO GHGXFHG SR[YLUXV VHTXHQFHV
UHYHDOHG DOPRVW QR FRQVHUYHG DPLQR DFLGV ZLWKLQ
WKH ILUVW  DPLQR DFLGV RI WKH 'O(39 VHTXHQFH
H[FHSW IRU D VKRUW UHJLRQ >/3(,9.*@ EHWZHHQ
DPLQR DFLGV ± LQ ZKLFK YDOLQH ZDV
VXEVWLWXWHG LQ WKH FKRUGRSR[YLUXVHV IRU LVROHXFLQH
LQ WKH HQWRPRSR[YLUXVHV )LJXUH D 7ZR
DGGLWLRQDO PRWLIV
+71/,9/096)*765755
DQG *'1/56 RFFXU ZLWKLQ 'O(39 DPLQR
DFLGV ± UHJLRQ , DQG ± UHJLRQ ,,
UHVSHFWLYHO\ )LJXUH D 7KHVH UHJLRQV RI  DQG
 DPLQR DFLGV KDYH a DQG  FRQVHUYHG
UHVLGXHV UHVSHFWLYHO\ DQG FRUUHVSRQG WR WKH VDPH
WZR UHJLRQV LQ WKH H. armigera HQWRPRSR[YLUXV
5,) WKDW KDG  DQG  FRQVHUYHG DPLQR DFLGV
UHVSHFWLYHO\ ZKHQ WKDW YLUXV ZDV DOLJQHG ZLWK
YDFFLQLD DQG VZLQHSR[ 2VERUQH HW DO 
:KHQ RQO\ HQWRPRSR[YLUXVHV ZHUH DOLJQHG WKH
FRQVHUYHG DPLQR DFLGV LQ UHJLRQV , DQG ,, RI WKH
'O(39 5,) LQFUHDVHG WR a DQG  UHVSHFWLYHO\
)LJXUH E ,QWHUHVWLQJO\ ZKHQ HDFK
HQWRPRSR[YLUXV VHTXHQFH ZDV LQGLYLGXDOO\
DOLJQHG ZLWK 'O(39 WKH SHUFHQW FRQVHUYHG
UHVLGXHV LQFUHDVHG HYHQ IXUWKHU WR DV KLJK DV 
DQG  LQ UHJLRQV , DQG ,, UHVSHFWLYHO\
DOLJQPHQW QRW VKRZQ ,Q DGGLWLRQ DW OHDVW  RI
 UHVLGXHV DW WKH 1WHUPLQXV DQG  RI 
UHVLGXHV WRZDUG WKH &WHUPLQXV ZHUH FRQVHUYHG
EHWZHHQ 'O(39 DQG HDFK RI WKH RWKHU EHWD
HQWRPRSR[YLUXVHVGDWDQRWVKRZQ
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4a. &OXVWDO:PXOWLSOHVHTXHQFHDOLJQPHQWRIWKHGHGXFHGDPLQRDFLGVHTXHQFHRIWKHSXWDWLYH
ULIDPSLFLQUHVLVWDQFHSURWHLQKRPRORJVIURP Amsacta moorei HQWRPRSR[YLUXV$P(39 Heliothis armigera







SR[YLUXVHV5HG FRQVHUYHGRQO\DPRQJFKRUGRSR[YLUXVHV*UHHQ FRQVHUYHGRQO\DPRQJ(39V2WKHUFRORUV 
FRQVHUYHGLQVRPHPHPEHUVRIDVXEIDPLO\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4a (con't). &OXVWDO:PXOWLSOHVHTXHQFHDOLJQPHQWRIWKHGHGXFHGDPLQRDFLGVHTXHQFHRIWKH
SXWDWLYHULIDPSLFLQUHVLVWDQFHSURWHLQKRPRORJVIURP Amsacta moorei HQWRPRSR[YLUXV$P(39 Heliothis
armigera HQWRPRSR[YLUXV+D(39 Melanoplus sanguinipes HQWRPRSR[YLUXV0V(39 Molluscum contiguosum
SR[YLUXV02/&9VZLQHSR[YLUXV6390\[RPDSR[YLUXV0<;9YDFFLQLDYLUXV9$&9YDULRODYLUXV9$59





SR[YLUXVHV5HG FRQVHUYHGRQO\DPRQJFKRUGRSR[YLUXVHV*UHHQ FRQVHUYHGRQO\DPRQJ(39V2WKHUFRORUV 
FRQVHUYHGLQVRPHPHPEHUVRIDVXEIDPLO\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661




FKRUGRSR[YLUXVHV DQG HQWRPRSR[YLUXVHV EXW
FRQWDLQHG VXEVWLWXWLRQV WKDW GLVWLQJXLVKHG WKH WZR
YLUXV VXEIDPLOLHV )LJXUH D $ FORVHU DQDO\VLV RI
WKH HQWRPRSR[YLUXVHV UHYHDOHG WKDW ZLWKLQ WKH
PRWLI LQ UHJLRQ , 'O(39 KDG D VLQJOH VXEVWLWXWLRQ
WKDW GLVWLQJXLVKHG LW IURP WKH
EHWDHQWRPRSR[YLUXVHV )LJXUH E +RZHYHU DOO
UHVLGXHV LQ WKH PRWLI LQ UHJLRQ ,, ZHUH FRQVHUYHG
DPRQJDOOHQWRPRSR[YLUXVHV)LJXUHE
2YHUDOO SDLUZLVH FRPSDULVRQ RI DPLQR DFLGV RI
'O(39 5,) ZLWK HDFK KRPRORJ UHYHDOHG WKDW
'O(39 VKDUHG VOLJKWO\ PRUH DPLQR DFLG LGHQWLWLHV
ZLWK WKH EHWDHQWRPRSR[YLUXVHV WKDQ ZLWK
FKRUGRSR[YLUXVHV 7DEOH  +RZHYHU WKH
EHWDHQWRPRSR[YLUXVHV VKDUHG  WLPHV PRUH
DPLQR DFLGV DPRQJ WKHPVHOYHV WKDQ WKH\ GLG ZLWK
'O(39 DQG WKH OHSLGRSWHUDQ HQWRPRSR[YLUXVHV
VKDUHG PRUH ZLWK HDFK RWKHU WKDQ WKH\ GLG ZLWK
WKH M. sanguinipes HQWRPRSR[YLUXV 7DEOH 
7KH SHUFHQW VLPLODULWLHV EHWZHHQ 'O(39 DQG DOO
SR[YLUXV 5,) VHTXHQFHV DQG EHWZHHQ WKH
EHWDHQWRPRSR[YLUXVHV DQG FKRUGRSR[YLUXVHV
ZHUH DERXW WKH VDPH RQ DYHUDJH a 7DEOH 
+RZHYHU VLPLODULWLHV DPRQJ WKH
EHWDHQWRPRSR[YLUXVHV ZHUH   WLPHV KLJKHU
WKDQ ZLWK 'O(39 7KH OHSLGRSWHUDQ
HQWRPRSR[YLUXVHV KDG JUHDWHU VLPLODULW\ ZLWK
HDFK RWKHU WKDQ ZLWK WKH M. sanguinipes
HQWRPRSR[YLUXV7DEOH
7KH QXFOHRWLGHV FRQVHUYHG EHWZHHQ 'O(39 DQG
WKH EHWDHQWRPRSR[YLUXVHV ZHUH  WR ! [ IHZHU
WKDQ WKRVH FRQVHUYHG DPRQJ WKH
EHWDHQWRPRSR[YLUXVHV WKHPVHOYHV ZLWK WKH
OHSLGRSWHUDQ HQWRPRSR[YLUXVHV VKDULQJ PRUH
ZLWK HDFK RWKHU WKDQ ZLWK WKH M. sanguinipes
HQWRPRSR[YLUXV 7DEOH  1HYHUWKHOHVV ERWK
'O(39 DQG WKH EHWDHQWRPRSR[YLUXVHV KDG IHZ 
  QXFOHRWLGH LGHQWLWLHV ZLWK WKH
FKRUGRSR[YLUXVHV H[FHSW LQ WKH FDVH RI WKH A.
moorei HQWRPRSR[YLUXV DQG VZLQHSR[ 7DEOH 
7KXV WKH 'O(39 SXWDWLYH 5,) SURWHLQ LV FORVHU WR
EXW GLVWLQFW IURP KRPRORJV RI WKH OHSLGRSWHUDQ
DQG RUWKRSWHUDQ HQWRPRSR[YLUXVHV WKDQ WR WKRVH
RI FKRUGRSR[YLUXVHV 7DEOH  7KLV LV IXUWKHU VHHQ
LQ WKH SK\ORJHQHWLF WUHH WKDW DVVLJQV 'O(39 WR D
GLIIHUHQW FODGH IURP WKH M. sanguinipes
HQWRPRSR[YLUXV DQG IURP WKH H. armigera DQG A.
moorei HQWRPRSR[YLUXVHV )LJXUH  'O(39 KDG
a DQG  VLPLODULW\ UHVSHFWLYHO\ ZLWK
,,9 DQG 'S$9D WZR QRQSR[ GRXEOH VWUDQGHG
'1$ YLUXVHV RI LQVHFWV  ZLWK QRQSR[




$Q Eco5, 5, FORQH VHOHFWHG IURP D '1$
JHQRPLF OLEUDU\ RI 'O(39 IURP WKH SDUDVLWLF ZDVS
D. longicaudata FRQWDLQV D FRPSOHWH RSHQ
UHDGLQJ IUDPH WKDW ZDV VKRZQ E\ %/$67 VHDUFK WR
EH D KRPRORJ RI WKH YDFFLQLD rif '/ JHQH
8SVWUHDP RI WKH rif RSHQ UHDGLQJ IUDPH ZHUH
FKDUDFWHULVWLF SR[YLUXV HDUO\ WUDQVFULSWLRQ
WHUPLQDWLRQ VLJQDOV 77777Q7 0RVV 
 )LJXUH  7KH SUHVHQFH RI WKH
FKDUDFWHULVWLF SR[YLUXV FRQVHQVXV ODWH
WUDQVFULSWLRQDO VWDUW VLJQDO 7$$$7* DQG VWRS
FRGRQV FRQILUP WKDW WKH 'O(39 RSHQ UHDGLQJ
IUDPH LV D ODWH JHQH 5RVHO HW DO  $Q 
$7 ULFK UHJLRQ LPPHGLDWHO\ EHIRUH WKH 'O(39 rif
SXWDWLYH WUDQVODWLRQDO LQLWLDWLRQ VLWH )LJXUH  LV
VLPLODU WR WKH  DGHQ\ODWHG VHTXHQFH XSVWUHDP
RI WKH WUDQVODWLRQDO VWDUW VLWH LQ WKH rif RI WKH
H.armigera HQWRPRSR[YLUXV 2VERUQH HW DO

7KH 'O(39 5, RSHQ UHDGLQJ IUDPH LV  EDVH
SDLUV DQG SRWHQWLDOO\ HQFRGHV D  DPLQR DFLG
SRO\SHSWLGH WKDW VKDUHV FRQVLGHUDEOH VLPLODULW\
ZLWK 5,)V RI ERWK FKRUGRSR[YLUXVHV DQG
HQWRPRSR[YLUXVHV )LJXUH  7DEOH  ,Q YDFFLQLD
5,) KDV EHHQ VKRZQ WR EH LQYROYHG LQ WKH
IRUPDWLRQ RI WKH *ROJLGHULYHG FUHVFHQWVKDSHG
PHPEUDQHV FKDUDFWHULVWLF RI WKH HDUO\ VWDJHV RI
YLULRQ DVVHPEO\ 6RGLHN HW DO  6LPLODU
FUHVFHQWV DOVR RFFXU GXULQJ 'O(39 PRUSKRJHQHVLV
/DZUHQFH DQG $NLQ  %HFDXVH
PRUSKRORJLFDOO\ VLPLODU VWUXFWXUHV DUH FRQVHUYHG
ZLWKLQ WKH SR[YLUXV IDPLO\ 0RVV   DQG
DUH SUHVXPHG WR DULVH WKURXJK VLPLODU
PHFKDQLVPV 5,) ZDV FRQVLGHUHG WR EH XQLTXH WR
SR[YLUXVHV 2VERUQH HW DO  +RZHYHU WKHUH
DUH UHSRUWV RI rif±OLNH JHQHV LQ FHUWDLQ RWKHU ODUJH
'1$ QRQSR[YLUXV IDPLOLHV ZLWK ZKLFK SR[YLUXVHV
DUH VXVSHFWHG WR VKDUH D FRPPRQ DQFHVWU\ ,\HU HW
DO  EXW LW LV QRW FOHDU ZKHWKHU WKH\ DUH
IXQFWLRQDOO\ VLPLODU 7DEOH  $PLQR DFLG
FRPSDULVRQV EHWZHHQ 'O(39 DQG WKH
LQVHFWLQIHFWLQJ QRQSR[ '1$ DVFR DQG LULGR
YLUXVHV UHYHDOHG   DPLQR DFLG VLPLODULW\
DPRQJ WKHLU 5,)OLNH SURWHLQV IDU OHVV WKDQ WKH
VLPLODULWLHV EHWZHHQ 'O(39 DQG RWKHU SR[YLUXVHV
7DEOH  7KXV ZKLOH 'O(39 5,) OLNH WKRVH RI
RWKHU SR[YLUXVHV PD\ EH GLVWDQWO\ UHODWHG WR
5,)OLNH SURWHLQV IURP QRQSR[ ODUJH '1$
YLUXVHV LW LV FORVHU WR KRPRORJV RI
HQWRPRSR[YLUXVHV DQG FKRUGRSR[YLUXVHV 7DEOH
 7KHVH UHVXOWV DORQJ ZLWK SUHYLRXVO\ SXEOLVKHG
SK\ORJHQHWLF FRPSDULVRQV RI RWKHU 'O(39 JHQHV
ZLWK WKRVH RI RWKHU SR[YLUXVHV /DZUHQFH 
0ZDHQJR DQG /DZUHQFH  +DVKLPRWR DQG
/DZUHQFH  IXUWKHU VXSSRUW RXU K\SRWKHVLV
WKDW'O(39LVDQHQWRPRSR[YLUXV
7KH VHTXHQFH DOLJQPHQW VKRZV WZR KLJKO\
FRQVHUYHG LQWHUQDO UHJLRQV ZLWKLQ 'O(39 5,) WKDW
FRUUHVSRQG WR WKRVH GHVFULEHG IRU WKH H.
armigera HQWRPRSR[YLUXV 2VERUQH HW DO 
:LWKLQ WKHVH UHJLRQV WZR DSSDUHQW PRWLIV ZHUH
HYLGHQW EXW H[KLELWHG DPLQR DFLG VXEVWLWXWLRQV
WKDW ZHUH XQLTXH WR WKHLU UHVSHFWLYH YLUXV
VXEIDPLOLHV )LJXUH D &RQVHUYHG LQQHU UHJLRQV
RI SR[YLUXV 5,)V KDYH EHHQ K\SRWKHVL]HG WR
LQWHUDFW ZLWK HXNDU\RWLF VXEFHOOXODU HOHPHQWV
2VERUQH HW DO  ,W KDV EHHQ IXUWKHU
K\SRWKHVL]HG WKDW SURWHLQ IXQFWLRQ PD\ GHSHQG
RQ WKHLU µKHDG WR WDLO¶ LQWHUDFWLRQ %DOGLFN DQG
0RVV  7KH 'O(39 GHGXFHG SURWHLQ
VHTXHQFH VKRZHG YHU\ ORZ DPLQR DFLG
FRQVHUYDWLRQ ZLWKLQ LWV WHUPLQDO UHJLRQV LQ
DOLJQPHQWV ZLWK DOO SR[YLUXVHV )LJXUH D EXW
KDG DW OHDVW  DQG  FRQVHUYHG DPLQR DFLGV
ZLWKLQ  DQG  UHVLGXHV UHVSHFWLYHO\ RI WKH 1
DQG & WHUPLQL LQ DOLJQPHQWV ZLWK LQGLYLGXDO
HQWRPRSR[YLUXVHV GDWD QRW VKRZQ ,W LV QRW FOHDU
ZKHWKHU RU KRZ WKHVH FRQVHUYHG DPLQR DFLGV DW
WKH 'O(39 5,) WHUPLQL PD\ LQIOXHQFH SURWHLQ
IXQFWLRQZLWKLQWKHKRVW
7KH SUHVHQW VWXG\ GHPRQVWUDWHV WKDW 'O(39 D
XQLTXH YLUDO V\PELRQW RI D SDUDVLWLF ZDVS RI
WHSKULWLG IUXLW IOLHV SRVVHVVHV \HW DQRWKHU
Table 2. 3HUFHQWVLPLODULW\EHWZHHQ'O(39'/YDFFLQLDKRPRORJDQGRUWKRORJVKRPRORJVIURPODUJHHQYHORSHG
GRXEOHVWUDQGHG'1$YLUXVHVIURPQRQSR[YLUXVIDPLOLHV
Virus family Genus Virus name Acronym [Accession #] Percent Homology
$VIDYLULGDH
 Asfavirus $IULFDQVZLQHIHYHUYLUXV $6)9>13B@ 
Lymphocystivirus /\PSKRF\VWLVGLVHDVHYLUXV /'9>13B@ 
,ULGRYLULGDH

Iridovirus ,QYHUWHEUDWH,ULGHVFHQWYLUXV ,,9>13B@ 
Chlorovirus Paramecium bursaria FKORUHOODYLUXV 3%&9>13B@ 
3K\FRGQDYLULGDH

Phaeovirus Ectocarpus siliculosus YLUXV (69>13B@ 
$VFRYLULGDH








-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH KRPRORJ RI D SR[YLUXV JHQH :KLOH VHYHUDO 'O(39
JHQHV UHPDLQ WR EH VHTXHQFHG DQG FKDUDFWHUL]HG
DOPRVW  RI VHTXHQFHV SXEOLVKHG WR GDWH
/DZUHQFH  0ZDHQJR DQG /DZUHQFH 
+DVKLPRWR DQG /DZUHQFH  FROOHFWLYHO\ KDYH
WKH KLJKHVW KRPRORJ\ ZLWK WKRVH RI
HQWRPRSR[YLUXVHV +RZHYHU WKHVH 'O(39 JHQHV
DQG GHGXFHG SURWHLQV H[KLELW VXIILFLHQW
GLIIHUHQFHV IURP WKH OHSLGRSWHUDQ DQG M.
sanguinipes HQWRPRSR[YLUXVHV WKDW WKH\ ZHUH
SODFHG LQ D GLIIHUHQW HQWRPRSR[YLUXV FODGH
)LJXUH  VXJJHVWLQJ WKDW 'O(39 EHORQJV WR D
GLIIHUHQW JHQXV 'O(39 LV GHVLJQDWHG DV DQ
XQDVVLJQHG VSHFLHV ZLWKLQ WKH VXEIDPLO\
> Diachasmimorpha
entomopoxvirus ',(9 ,&79G% @ EXW LWV
SDWKRJHQLFLW\ WR GLSWHUDQV 6KL HW DO 
/DZUHQFH  VXJJHVWV WKDW LW LV OLNHO\ D
PHPEHU RI WKH *DPPDHQWRPRSR[YLUXV JHQXV ,WV
WUXH SK\ORJHQHWLF SRVLWLRQ ZLWKLQ WKH VXEIDPLO\ LV
KDPSHUHG E\ WKH ODFN RI VHTXHQFHV IURP NQRZQ
GLSWHUDQ HQWRPRSR[YLUXVHV DQG WKHUHIRUH DZDLWV
IXUWKHUFODULILFDWLRQ
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Figure 3b was originally published in a truncated form; the corrected version is shown below.
Figure 3b. DNA sequence of the RI-1 open reading frame and an immediately preceding region (539 nt)
containing putative poxvirus early transcriptional stop (TTTTTnT) and late promoter (TAAATG) sequences
(highlighted in black). Restriction enzyme recognition sites, shown in (a), are underlined. The putative
translational stop codon (TAA) is indicated by an asterisk (*). The sequence has been assigned GeneBank accession
# EF541029.
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